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Abstract 

We evaluate the form factors describing the exclusive decay B — > irlv by using a Constituent 
Quark-Meson model based on an effective quark- meson Lagrangian (CQM). The model 
allows for an expansion in the pion momenta and we consider terms up to the first order in 
the pion field derivatives. We compute the leading terms in the soft pion limit and consider 
corrections to this limit. 
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Wo evaluate the form factors describing the exclusive decay 
B — » nils by using a Constituent Quark-Meson model based 
on an effective quark-meson Lagrangian (CQM). The model 
allows for an expansion in the pion momenta and we consider 
terms up to the first order in the pion field derivatives. We 
compute the leading terms in the soft pion limit and consider 
corrections to this limit. 



I. INTRODUCTION 



is an adjustable parameter of the model and we restrict 
to Ah = 0.4 ± 0.1 GeV since only this range of values 
allows for a good phenomenology of semileptonic weak 
decays (for a discussion see || ) . For the definition of the 
model, it is important to fix the rcgularization procedure 
allowing to calculate explicitly the quark loop integrals. 
We use the Schwinger proper time regularization method, 
assuming, as ultraviolet (UV) and infrared (IR) cut-off, 
A ~ 1.25 GeV and /j, ~ 0.3 GeV respectively. Another 
parameter is the constituent light quark mass m that we 
have fixed in Q to the value: m = 0.3 GeV for u and d 
flavours. 



The investigation of the semileptonic decay B — > nil* 
is relevant for the extraction of the Kobayashi-Maskawa 
matrix element V u b- The analysis of this exclusive decay 
mode would offer a method alternative to the inclusive 
semileptonic B decay for the study of the b — > u transi- 
tion. A precise measurement of this process is one of the 
main aims of the future B-factorics. 

On the theoretical side this decay process has received 
large attention in literature (see for example the review 
in fluB ) since it offers an example of heavy-to-light quark 
transition computable by the presently available theoret- 
ical methods. 

The present note is devoted to the study of the B — > 
nlu decay mode in the framework of the Constituent- 
Quark-Meson (CQM) model ||. In this model the tran- 
sition amplitudes are evaluated by computing diagrams 
in which heavy and light mesons are attached to quark 
loops. Moreover, the light chiral symmetry restrictions 
and the heavy quark spin-flavour symmetry dictated by 
the Hcavy-Quark-Effcctivc-Thcory (HQET) are both im- 
plemented. The advantage of such a description is the 
reduced number of free parameters with respect to an ef- 
fective Lagrangian at the meson level with no dynamical 
assumptions |4J|. 

A short glossary, useful to go through the results re- 
ported here, is in order. We call H the field representing 
the low-lying heavy meson doublet (0",1-) j§, Zh the 
heavy field renormalization constant, induced by loop ef- 
fects and Ah the difference between the H meson doublet 
mass and the mass of the constituent heavy quark. Ah 



II. B — > tt FORM FACTORS 

We consider the weak current matrix element for the 
semileptonic B — > tt transition which is given by (q = 
P - <7tt): 



{-K{q v )\V»{q)\B{p)) = 



(p + q*Y 



r 



F (q 2 ) 



Fi(q 2 ) 
(1) 



with Fi(0) = Fq(0). The calculation of the semileptonic 
process proceeds through the evaluation of the diagrams 
in Fig. 1,2 and 3. Fig. 1 gives rise to a non derivative cou- 
pling. Fig. 2a and Fig. 2b are polar diagrams where the 
pion is introduced through a derivative interaction term: 
in Fig. 2a the intermediate particle is the vector meson 
particle belonging to the H heavy meson multiplet; in 
Fig. 2b the intermediate particle is the scalar (J p = + ) 
meson particle belonging to the positive parity S heavy 
meson multiplet (this multiplet is built similarly to H 
and contains also an axial vector meson J p = 1 + state). 
The diagram in Fig. 2b represents only a correction to 
the chiral symmetry limit. To obtain the contribution of 
Fig. 1, an expansion of the chiral rotated light quark field, 
X, up to the first order in tt is needed |^||. In the case of 
Fig. 2 and Fig. 3 the same expansion is truncated at the 
zero-th order. The x field, as defined in jq], is given by 
X = £q being q the usual spinor field describing the light 



degrees of freedom and £ = e 



with f n = 130 McV. 
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The diagram in Fig. 1 produces a result proportional 
to the leptonic i?-decay constant; its predictions are ex- 
pected to be valid at small pion momenta, near the zero 
recoil point: q 2 . ~ {tub — m^) ''. One obtains, from this 
non-derivative (ND) coupling, the contributions: 



pND 
^0 



ND 



f_B 

u 

fB_ 



(2) 
(3) 



where fs is the B leptonic decay constant. The CQM- 
model evaluation of Jb is given in ||. Neglecting a 
smooth logarithmic dependence, the heavy meson mass 
dependence of fg, as predicted by the HQET, is as fol- 
lows: 



1b = 



F 



(4) 



where F parametrises the leading term in the decay con- 
stant Jb (see for example ) . Next wc consider the polar 
diagrams in Fig. 2. First of all let us consider the diagram 
in Fig. 2(a) which gives a contribution proportional to 
gF, where g is the _ff_ff7r-strong coupling constant. One 
obtains the following contribution to F\ 



The results obtained so far are not new; they have been 
obtained by several groups and our contribution consists 
here only in the calculation, within the CQM-model, of 
the various parameters appearing in the previous equa- 
tions. The model however allows to consider a new con- 
tribution, depicted in Fig. 3: it differs from the ND (non- 
derivative) term since it is derivative and from the polar 
term because it does not contain couplings to resonances. 
The current directly couples to the quark in this case 
rather than to the heavy meson as in the polar contribu- 
tion. Both the polar and the new "direct" contributions 
can be reliably calculated only at large q 2 , note however 
that differently from (7) and (8) for the polar terms, the 
relation -Fi(O) = Fq(0) w iU be automatically satisfied by 
the new contributions to be described in the following. 
We compute them by a straightforward application of the 
basic rules of the CQM. As the current will transform a 
heavy meson into a light one in this case, we need the 
interaction of the pion with light quarks. We recall here 
the corresponding Lagrangian. The term relevant for the 
calculation will be the one containing an odd number of 
pions. The following term defines the Feynman rule we 
follow to insert the pion in our CQM diagram: 



C = xiiD^it, + -4 m 7m75)x ~ m X X + 



f 2 



d^d^E. (9) 



F Pol 



Fg 



1 



1-n^fmB 1 - q 2 /m 2 B , 



(5) 



where g is the HHir-strong coupling constant evaluated 
in H (see also || for an evaluation in the framework of 
the QCD sum-rule approach and |)j in the framework of 
the effective meson Lagrangian approach). The diagram 
in Fig. 2(b) contributes to the other form factor: 



pPol 



(9 2 ) 



1 



1 



m-h - mi 



1 — q 2 jm\ 



(G) 



where h is the -ffSV-strong coupling constant evaluated 
in J|, B** is the 0+ state in the S multiplet (0+, 1+) and 
F + is the B** leptonic decay constant analogous to F. 
All the coupling constants appearing in these equations 
can be computed in the CQM. The polar results (o) and 
(|J) should be reliable near the poles, i.e. again for q 2 
large, around q 2 ., the zero recoil point. We shall discuss 
below a procedure to extrapolate these results to lower 
q 2 values. For future reference we quote here the values 
of the expressions (|5|) and (||) at q 2 = 0: 



Apart from the mass term, C, is chiral invariant. Here 
X is the chiral rotated light quark field quoted above, 
S = £ 2 and 7r is the 3x3 matrix representing the flavour 
SU(3) octet of pseudoscalar mesons. Moreover, = 



dp, - iVp and: 



v^ = -(e t ^e+^ t ) 



(10) 
(11) 



where (|10|) generates couplings of an even number of 
mesons to the XX pair, while ([ll]) gives an odd number 
of 7r fields. 

An explicit calculation of the mentioned diagram gives: 



F^(q 2 ) 
where: 



2_ Z H 

V rn H 

/tt V rnn 
m H B ( 1 



q v (C — mA) + m,H B] (12) 

„2 



1 



q-n(C — mA) 
(13) 



F[ o[ (0) = 0.52 ±0.01 
F Pol (0) = 0.012 ±0.001 



(7) 
(8) 



They are obtained with the values F = 0.34±0.02, F+ = 
0.24 ±0.03, g = 0.46 ± 0.04, h = -0.76 ±0.13 B. 



A= — (I 3 (A H - q„) - h(A H )) 
B = mA - m 2 Z(A H ) 



(14) 
(15) 



C = —(A H I 3 (A H ) - (A H - qMA H - q v )) , (16) 



2 



and 



Z(A) 



16tt 3 / 2 



^ 2 ds 



l/A 2 



,1/2 



x / dxe sA2{x \l + crf{A(x)^)] 
Jo 



(17) 



16tt 3 /2 



^ d S 



l/A 2 



,3/2 



s(m 2 -A 2 ) 



■erf(AVs)) , 



(18) 



where q^ = (q v , 0, 0, q„) is the pion 4-momentum (m„ — > 
0) and A(x) = A — x^. We observe that the soft pion 
limit of the previous expression brings Z(A) — > /4(A) 
defined in g. Notice that in Eqs. (UH) the <? 2 depen- 
dence arises because of q^ = (m B — q 2 )/2ms and can be 
computed numerically. We find: 



F\{<1 = 0) = F""(q = 0) = 0.13 ± 0.05 , (19) 

The error in the numerical evaluations is due to the vari- 
ation of Ah in the range of values 0.3 — 0.5. The contri- 
bution of the direct diagram in Fig. 3 is an appreciable 
10% to 30% correction, depending on the region in q 2 . 

Since the three contributions to the form factors Fq 
and F\ are independent, we can sum them up, with the 
result: 



FA?) 



h 



F Dir 
J 



(0) 



1 — q 2 /mj 



(20) 



where mi = m^*, mo = mj.. and we have marked the 
form factors with a hat to stress that this formula does 
not hold in the whole q 2 interval. As a matter of fact, as 
discussed above, the q 2 range in which (^(i|) is expected 
to approximate reliably the form factors is around the 



zero recoil point: q 



1 2 o 



This follows from the 



fact that the model allows for a systematic derivative ex- 
pansion, whose first terms are represented by Ff, terms 
of higher order in the pion derivatives, which can be im- 
portant at small q 2 , are suppressed for large q 2 . This 
observation gives us a hint to extrapolate to smaller val- 
ues of q 2 . Writing: 

F j (q 2 ) = F j (q 2 )G j (q 2 ) (21) 

where j € {0, 1}; this parameterisation has to satisfy 

GM) = 1 (22) 

as q 2 ~ q 2 is the region where Fj are a good approxima- 
tion of the form factors. Another condition that has to 
be satisfied is the constraint: 



F 1 (0)G 1 (0)=F o (0)Go(0) , 



(23) 



which follows from i*i(0) = Fq(0). It is reasonable to 
assume that the corrections to Gj{q 2 ) = 1 arise from 
terms with extra pion derivatives. Therefore we put 



Gj(q 2 ) = 1 



a j A x 



1 



(q-k ■ P) 



(24) 



where E„ is the pion energy in the B rest frame, A x = 1 
GeV and ctj are free parameters. Since ( p4[ ) is equivalent 
to (under the assumption that q 2 <^ m 2 B ): 



q 2 -m 2 B 



G J {q 2 ) = l + 



(25) 



condition (E2J) is automatically satisfied. Formula (|2 
implies that «q and a\ are related: 



m B 
2A x ai 



m B 



F (0) 
2A x a Q J Fi(0) 



(26) 



We could fix one of the two parameters from experi- 
mental data, were they available. For the time being, 
in absence of such information, we have to use some 
theoretical input. There exist many theoretical calcula- 
tions of the B — > 7r couplings; for example quark models 
jjoj-pl predict F (0) = 0.20 to 0.50 with the exception 
of jo which gives a very small value Fq(Q) = 0.09. Chi- 
ral perturbation theory together with heavy quark effec- 
tive theory gives F o (0) = 0.38 [0J|], QCD sum- rules give 
F (0) = 0.25 to 0.40 p|jl6| Finally lattice results are 
Fo(0) = 0.27 to 0.35 ||^9j. We take as an input the 
result of the QCD sum rules calculation of pl| that gives 
F o (0) = 0.30 ± 0.04, in this way we obtain a = 3.6. It 
is interesting to note that the rather large value of 
obtained by this procedure indicates that the effective 
parameter of the derivative expansion is not of the or- 
der of 1 GeV (~ A x ), but larger, which means that, in 
spite of the fact that this approximation should hold only 
at zero recoil point, it gives reasonable estimates also at 
lower q 2 . This conclusion is corroborated by our esti- 
mate of the first correction to the leading terms of the 
form factors, i.e. F® lr (q 2 ) 1 which is appreciable, but not 
very large (10% to 30% of the total). 

Letting the parameter ao vary by 20% allows to see 
how the parameterisation affects the result. In the Ta- 
ble the two form factors F\ and Fq, including the CQM 
correction, are given for few q 2 values near the maximum 
value q 2 nax = 26.4 GeV 2 . The error refer a variation of 
the values of ao in the range (2.9-4.3). 

We have also reported results from other theoreti- 
cal approaches. Let us note, as a concluding remark, 
that our calculation includes, differently from other ap- 
proaches based on the derivative expansion, some devi- 
ations from the leading behaviour expected in the soft 
pion limit. These extra terms, while sizeable, are not 
such to change qualitatively the simple pole behaviour 
predicted by the chiral effective theory. 
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FIGURES 




Fig. 1 - Diagram for the non-derivative contribution to 
the form factor B — > ir. 
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(a) 



Jt 



H 



(b) 



Jt 

Fig. 2 - Diagram for the polar contribution to the form 
factor B — > it. 
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Fig. 3 - Diagram for the direct contribution to the form 
factor B — > it. 
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TABLES 





14.9 GeV^ 


17.2 GeV^ 


20 GeV^ 


26.4 GeV^ 


CQM (this work) 










Ft 
Ft 


1-58^ 

o.59lg;iS 


2 06 +U U7 
0.62«;?« 


2 96 +u - a(i 

n cc+0.05 
U - DO -0.10 


13.78+£- 
0.83 ±0.01 


IS (Quark Model) §o) 










Ff* 

pBTT 

^0 


0.83 
0.48 


0.96 
0.48 


1.19 
0.48 


3.14 
0.47 


GNS (Quark Model) [11] 










Ft 

^0 


0.82 
0.38 


1.05 
0.40 


1.45 
0.40 


2.31 
0.07 


LNS (Quark Model) |l| 










-Tl 

^0 


u.oo 
0.69 


u.o / 
0.76 






Ball (QCD light-cone) p| 










Ff 

pBTT 


0.85 ±0.15 
0.5 ±0.1 


1.1 ±0.2 
0.55 ±0.15 


1.6 
0.7 




Lattice (UKQCD) [19] 










Ft 
Ft 


0.85 ±0.20 
0.46 ±0.10 


1.10 ±0.27 
0.49 ±0.10 


1.72 ±0.50 
0.56 ±0.12 





TABLE I. Form factors Fi and Fo at high q values, near (q^ax — 26.4GeV ) for B — > it semi-leptonic decays in CQM model 
and comparison with other calculations. The error quoted for our result comes only from a 20% variation in the parameter 
controlling the evolution from large q 2 values (where the calculation is more reliable) to smaller ones. 
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